The shock wave of supernova remnants (SNRs) and the wind termination shock in pulsar wind nebula (PWNe) are considered as prime candidates to accelerate the bulk of Galactic cosmic ray (CR) ions and electrons. The SNRs hosting a PWN (known as composite SNRs) provide excellent laboratories to test these hypotheses. The SNR G327.1-1.1 belongs to this category and exhibits a shell and a bright central PWN, both seen in radio and X-rays. Interestingly, the radio observations of the PWN show an extended blob of emission and a curious narrow finger structure pointing towards the offset compact X-ray source indicating a possible fast moving pulsar in the SNR and/or an asymmetric passage of the reverse shock. We report here on the observations, for a total of 45 hours, of the SNR G327.1-1.1 with the H.E.S.S. telescope array which resulted in the detection of TeV γ-ray emission in spatial coincidence with the PWN.
Introduction
The survey of the Galactic plane conducted by the H.E.S.S. system of telescopes since 2004 has led to the discovery of TeV gamma-ray emission from more than 60 sources in the Galaxy [1] . Although the nature of a large part of theses sources remains still unknown, the identification of a large sample of pulsar wind nebulae (PWNe) and supernova remnants (SNRs, either shell-type or in interaction with molecular clouds) has provided significant progress in constraining and understanding the acceleration mechanisms at play, and the physical conditions within cosmic sources (see e.g. [2] ). The determination of the origin of the TeV emission can be particularly difficult for composite SNRs (i.e. those hosting a PWN) when their angular size is smaller or close to the point spread function (PSF) of the instrument : the TeV emission could stem either from the shell of the remnant and/or from the PWN. We report here on the discovery of TeV γ-rays from the composite SNR G327.1−1.1 using the H.E.S.S. telescopes. H.E.S.S. is an array of four imaging atmospheric Cherenkov telescopes located in the Khomas Highland in Namibia at an altitude of 1800 m above sea level. Each telescope has a mirror area of 107 m 2 [3] , a the total field of view of 5
• equipped with a camera consisting of 960 photomultiplier tubes [4] . The stereoscopic detection and reconstruction of events allows a good angular precision per event (0.1
• ), a good energy resolution (15% on average), and a high background rejection efficiency. Detailed information on H.E.S.S. is given in [5] and the most recent developments in Cherenkov reconstruction and rejection methods are described in [6, 7, 8] .
2 The case of the SNR G327.1−1.1
The SNR G327.1−1.1 belongs to the category of composite SNRs as it exhibits in the MOST SNR radio survey at 843 MHz [9] both a faint shell of relatively small angular size (r = 0.15
• ) and a bright PWN, slightly off-center with respect to the SNR shell. An intriguing narrow fingerlike radio feature is also seen to the North-West of the brightest region of the PWN, pointing towards a compact X-ray source considered as the putative pulsar powering the PWN. Recent high spatial resolution XMM-Newton and Chandra X-ray observations of G327.1−1.1 have revealed that the compact source is embedded in a cometary structure, exhibiting non-thermal emission, aligned with the radio finger feature [10] . Such morphology could be due to a high velocity of the pulsar [11] and/or to the inhomogeneities of the ambient medium in which the SNR is expanding and which can lead to an asymmetric passage of the reverse shock crushing the PWN [12] . Concerning the properties of the pulsar candidate, no pulsations have been detected so far, neither in radio, in X-rays [10] nor in GeV γ-rays in the 2nd Fermi-LAT catalog [13] . However, based on empirical relationships between the nebula's non-thermal X-ray luminosity and the current spin-down energy loss rate, [10] have estimated the latter,Ė ∼ 3 × 10 37 erg s −1 , and the pulsar period, P ∼ 35 ms, assuming a SNR age of 18 kyrs and a distance of 9 kpc (as derived by [14] ). The X-ray observations have also revealed diffuse thermal X-ray emission from the shell of the SNR which coincides well with the radio contours [10] .
H.E.S.S observations and analysis
The region of the SNR G327. • with a mean value of 33 • . The resulting total H.E.S.S. observation time for this target is of 45 hours after data quality cuts. The data set was analyzed using the Model analysis [7] which exploits the full pixel information by comparing the recorded shower images with a pre-calculated shower model using log-likelihood minimization. For the image generation an additional cut on the event's reconstructed direction uncertainty was applied (dDir ≤ 0.03
• ). The effects of this additional cut on the angular resolution and the effective area are discussed in Sect. 4.9 of [7] . This resulted in an improved average angular resolution for this data-set (r 68% = 0.05
• ) allowing us to precisely locate the source position at the expense of a smaller statistics. For the spectral analysis, the standard cuts were used in order to use the full statistics available. All results presented were cross-checked with a multivariate analysis [6] using an independent calibration and gamma/hadron separation, which yielded consistent results.
Morphological results
Preliminary H.E.S.S. results of these observations unveiled a compact region of TeV γ-ray emission detected at 8σ. The corresponding H.E.S.S. excess map, shown in Fig. 1 , reveals that the γ-ray emission is contained in the interior of the remnant, where the bright PWN is observed both in the radio and the X-ray band. It is also interesting to note that no γ-ray emission is detected from the shell of the remnant. In order to derive the centroid position and intrinsic size of the γ-ray source, a two-dimensional Gaussian fit was performed on the uncorrelated excess map. This resulted in a best-fit position α J2000 = 15h54m36s, δ J2000 = −55
• 05 ′ 05 ′′ (represented in Fig. 2 in the multi-wavelength context) with a statistical error on each coordinate of ∼1 arcmin and an intrinsic Gaussian width (deconvoluted from the PSF) of (1.8 ± 0.6) arcmin. Interestingly, the γ-ray centroid lies along the symmetry axis along the X-ray cometary structure, in an intermediate position between the pulsar candidate and the radio centroid. • × 0.8 • ) of the region of the SNR G327.1−1.1 produced using an oversampling radius of 0.08
• together with the radio contours from the 843 MHz MOST survey overlaid in white. The average H.E.S.S. 68% containment radius for the dataset is shown by the white circle and the position of the compact X-ray source (the putative pulsar) with a blue cross. The transition between blue and red in the color scale is at the level of 4σ. The radio (MOST survey), X-ray (XMM-Newton in the 0.5-6 keV energy band) and γ-ray map are respectively represented in red, green and blue color scales. The white cross represents the best-fit centroid of the γ-ray emission and the associated errors for each coordinate. The white circle illustrates the circle of radius 0.1
• used as spectral extraction region.
Spectral results
The energy spectrum of the source was reconstructed with the forward-folding maximum likelihood fit method [15] from a circular region of radius 0.1
• chosen to fully encompass the emission from the object and centered on the γ-ray best-fit position previously derived. After background subtraction, using the multiple reflected-regions technique [16] , the resulting number of excess events is 109. The spectrum, presented in Fig. 3 , can be well described by a power-law model (dN/dE = N 0 (E/E 0 ) −Γ ) with a photon index Γ = 2.1 ± 0.2 stat ± 0.2 syst and a normaliza-
TeV −1 given at the decorrelation energy E 0 = 1.39 TeV. The integrated energy flux in the 1-10 TeV energy band is 1.12 × 10 −12 ergs cm −2 s −1 and represents ∼1.5% of the Crab nebula flux in the same energy band. The γ-ray index derived here is almost identical to that measured in X-rays with XMM-Newton for the whole PWN (2.11± 0.03 see Table 1 in [10] ), pointing towards the same population of electrons as origin of the synchrotron and the inverse Compton emissions seen in X-rays and γ-rays, respectively.
Conclusions
Observations with the H.E.S.S. telescope array have led to the discovery of hard TeV gamma-ray emission inside the composite SNR G327.1−1.1. The HESS source is in spatial coincidence with the radio and X-ray PWN, and its centroid lies between the two. Although a bow-shock scenario (due to a supersonic pulsar velocity) can not be excluded, the morphology of the overall system is reminiscent of that seen in other offset-type PWNe, such as HESS J1825-139 [17] , where the wind nebula has been crushed by an asymmetrical reverse shock. In contrast to many such PWNe, the composite SNR G327.1−1.1 represents an excellent object to study the interaction between the PWN and its host and probe the system's evolutionary stage, as the SNR's shell is clearly identified and the characteristics of the PWN can now be studied in a broad multi-wavelength picture.
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